Expression of connective tissue growth factor, a biomarker in senescence of human diploid fibroblasts, is up-regulated by a transforming growth factor-beta-mediated signaling pathway.
Molecular changes associated with cellular senescence in human diploid fibroblasts (HDF), IMR-90, were analyzed by two-dimensional differential proteome analysis. A high percentage of replicative senescent cells were positive for senescence-associated beta-galactosidase activity, and displayed elevated levels of p21 and p53 proteins. Comparison of early population doubling level (PDL) versus replicative senescent cells among the 1000 spots resolved on gels revealed that the signal intensities of six spots were increased fivefold, whereas those of four spots were decreased. Proteome analysis data demonstrated that connective tissue growth factor (CTGF) is an age-associated protein. Up-regulation of CTGF expression in senescent cells was further confirmed by Western blotting and RT-PCR. We postulate that CTGF expression is controlled, in part, by transforming growth factor-beta (TGF-beta), in view of the high levels of TGF-beta isoforms as well as type I and II receptors detected only in late PDL of HDF cells. To verify this hypothesis, we stimulated early PDL cells with TGF-beta1 as well as stress inducing agents such as hydrogen peroxide. As expected, CTGF expression and Smad protein phosphorylation were dramatically increased up to observed levels in normal replicative senescent cells. In vivo experiments disclosed that CTGF, pSmad, and p53 were constitutively expressed at basal levels in up to 18-month-old rat liver, and expression was significantly up-regulated in 24-month-old rat tissue. However, expression patterns were not altered at all periods examined in livers of caloric-restricted rats. In view of both in vitro and in vivo data, we propose that the TGF-beta/Smad pathway functions in the induction of CTGF, a novel biomarker protein of cellular senescence in human fibroblasts.